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© Pharmaceutical formulations comprising microcapsules. 

© Pharmaceutical formulations comprise: 

0) microcapsules which consist essentially of a biocompatible polymeric wail material encapsulating a 
drug, and 

(ii) a lipid-soluble surfactant which is mixed with the microcapsules or Is incorporated within or coats 
the wall material of the microcapsules. 

Such formulations may be presented as an aerosol or dry powder for inhalation. Microcapsules with 
surfactant incorporated in the wall material may be suspended in a pharmaceutical^ acceptable water- 
immiscible oil and the resulting suspension emulsified in an aqueous medium to obtain a formulation for oral 
administration. 
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PHARMACEUTICAL FORMULATIONS COMPRISING MICROCAPSULES 



This invention relates to controlling the release of drugs from pharmaceutical formulations. 

Currently available treatments for asthma and bronchitis, although generally effective, are limited by the 
necessity for frequent drug administration and/or the possibility erf unpleasant or debiiitating side effects. It 
has long been established that direct application of bronchodilating drugs to the lungs by inhalation 
5 provides rapid relief for asthmatic and bronchitic symptoms. However, the very rapid systemic absorption of 
drugs when administered by this route results in a relatively short duration of the desired clinical effect. 
Consequently this route of administration has not been as acceptable for the prophylatic administration of 
bronchodilating drugs in an attempt to prevent acute asthmatic attacks. Certain oral dosage forms are 
available for this latter purpose. However they are not administered directly to the site of action. The 
10 dosages required are therefore very much higher and the Incidence of unpleasant side effects is much 
greater. 

The respiratory tract may also be used as a means of drug administration in circumstances where other 
routes are inappropriate or inconvenient Certainly anaesthetic agents are administered by this route for 
their systemic activity, and there is evidence in the literature that peptides such as insulin can be absorbed 
75 systematically from the lungs. 

The process of microencapsulation of drugs in various polymeric materials is a well known means of 
producing controlled release drug delivery systems. Factors controlling the release of drugs from these 
microcapsules have been well described in the literature. In summary the critical factors are: 
1. the method of encapsulation and therefore the physical nature of the microcapsule; 
20 2. the specific polymeric material chosen to form the walls of the microcapsule; 

3. the physical state of the polymeric material in the microcapsule, i.e. the degree of crystallinity; and 

4. the solubility and diffusion characteristics of the salt form of the drug chosen. 

Children and the elderly have difficulty in swallowing conventional tablets and capsules. Unfortunately 
there have been many technical difficulties in producing controlled release drug delivery systems which 
25 could be administered in syrup or liquid form. The greatest technical difficulties are, on the one hand, of 
keeping the active ingredient largely out of aqueous solution during storage, while at the same time allowing 
this active ingredient to dissolve slowly once the product has been administered to a patient. 

We have now produced microencapsulated drug particles typically in sizes ranging in excess of 1um. 
The drugs employed have been incorporated in various polymeric wall forming materials. It was found that 
30 when these microcapsules were exposed to lipid-soiubfe surfactant or when such a surfactant was 
incorporated in the wall material of the microcapsule, the release of drug from the microcapsules was 
retarded. The rate of release of the drug could be controlled with respect to time. 

Accordingly, the present invention provides pharmaceutical formulations comprising: 

(i) microcapsules which consist essentially of a biocompatible polymeric wall material encapsulating a 
35 drug, and 

(ii) a iipfd-soluble surfactant which is mixed with the microcapsules or is incorporated within or coats 
the wall material of the microcapsules. 

Such formulations can be simple mixtures of microcapsules encapsulating a drug and surfactant. 
Alternatively or additionally, microcapsules encapsulating drug may have been exposed to surfactant so that 

40 the surfactant forms a coating on the wall material of the microcapsules. Microcapsules having surfactant 
incorporated In their walls may also be prepared by dissolving the polymeric material for the walls in a 
solvent, dispersing surfactant and drug in the polymer solution and evaporating off the solvent. A 
pharmaceutical^ acceptable carrier or diluent may be provided in the formulation. 

The formulation may be presented in a form suitable for inhalation. For this purposes, it may take the 

45 form of an aerosol In which the microcapsules are suspended in the propellant for the aerosol or it may be 
in dry powder form. Use of the present system for local application of drugs to the lungs extends beyond 
bronchodilating agents. Other drugs important in the treatment of asthma may be administered in this way 
including corticosteroids, disodium chromoglycate antihistamines and leukotriene antagonists. Furthermore, 
slow release of antibiotic and antiviral materials, chemotherapeutic agents for cancer treatment in the lung 

so may be achieved. 

Alternatively, an orally administrate preparation may be formulated. A preferred such oral formulation 
is prepared by suspending the microcapsules incorporating the surfactant in their walls in a pharmaceuti- 
cally acceptable water-immiscible oil and emulsifying the oil suspension of microcapsules in an aqueous 
medium. 
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By mixing the iipld-soiuble surfactant with the microcapsules or incorporating the surfactant in the walls 
of the microcapsules, the release of drug from the microcapsules can be controlled. In its turn, this controls 
the degree and duration of the pharmacological effect obtained. As far as the preferred liquid oral dosage 
form is concerned, a drug release delivery system can be produced which is stable in the aqueous form but 
which releases drug in vivo at rates similar to that produced by various conventional long acting 
formulations. Further, the system is easier to administer to children and older patients. Protection of drugs 
by way of microencapsulation in the system can improve their stability in aqueous media. The flavour and 
palatability of liquid formulations may be improved. 

The drug encapsulated in the microcapsules may be any agent which exhibits a pharmacological effect 
The drug may be selected from antibiotics such as ampicillin or penicillin V, cardiovascular drugs such as 
betablockers, calcium antagonists or nitrates such as isosorblde dinitrate or isosorbide mononitrate, a drug 
for cough and cold preparations such as dextromethorphan or diphenhydramine, peptide drugs such as 
insulin or human growth hormone, other naturally occurring agents and derivatives such as prostaglandins, 
anti-viral agents and anti-convulsants such as phenytoin and sodium valproate. 

Preferably, the drug is a bronchodilating agent Suitable bronchodilator compounds include beta- 
receptor agonists and, more particularly, beta-adrenergic agonist .agents such as salbutamol (2- 
tertbutylamino-1-(4-hydroxy-3-hydroxymethyl phenyl)ethanol, normally presented as its sulphate) and ter- 
butaline (2-tertbutylamino-l-(3,5-dihydroxyphenyl)ethanol f normally presented as Its sulphate). Other bron- 
chodilating agents which may be employed are xanthines such as theophylline, anti-chollnergic agents such 
as ipatropium bromide and the like, calcium antagonists such as nifedipine and biological agents such as 
leukotrienes and derivatives thereof. 

The amount of drug incorporated In the microparticles usually ranges from less than 1% to as high as 
95% by weight, preferably from 1 to 80% by weight. Two or more drugs may be encapsulated in the 
microcapsules. In such an event, the drugs must be inert with respect to each other. 

The polymeric wall material of the microcapsules must be biocompatible. A biocompatible polymeric 
material Is a polymeric material which is not toxic to the human body, is not carcinogenic and should not 
induce inflammation in body tissues. Preferably, the wall material is biodegradable in the sense that it 
should degrade by bodily processes to products readily disposable by the body and should not accumulate 
in the body. For microcapsules for Inhalation, therefore, the wall material should be biodegradable. Suitable 
examples of polymeric materials include poly(glycolic acid), poly-d,1-lactic acid copolymers thereof, 
copolyoxalates, polycaprolactone, poly(lactic acid-caprolactone), and the like. For oral preparations, cel- 
lulose derivatives such as ethyl cellulose may be employed. 

The molecular weight, of the polymeric material for the walls of the microcapsules should be high 
enough so that it forms satisfactory polymer coatings. Usually a satisfactory molecular weight is greater 
than 10,000 daltons. The molecular weight of a polymer is also important from the point of view that 
molecular weight influences the biodegradation rate of the polymer. By an appropriate selection of 
polymeric materials a formulation can be made such that the resulting microcapsules remain intact until all 
of the drug is released and then degrade. 

The microcapsules may be prepared in any suitable fashion. They may be prepared by spray-drying. In 
this technique, the polymeric material for the walls of the microcapsules is dissolved in a solvent such as 
methylene chloride. An appropriate amount of surfactant, if desired, and drug, depending on the desired 
core load of the microcapsules, is dispersed in the polymer solution. This dispersion is then spray-dried. An 
inert gas such as nitrogen is typically forced through the nozzle of the spray-dryer with the dispersion to 
cause an aerosol of microcapsules to be formed initially. The microcapsules are then collected. 

Alternatively, the microcapsules may be prepared by: 

(a) dissolving or dispersing a drug in a solvent, typically methylene chloride, and dissolving a 
biocompatible and biodegradable wail forming material in the solvent 

(b) dispersing the solvent containing the drug and wall forming material in a continuous phase 
processing medium such as a 1 to 10% by weight polyvinyl alcohol in water mixture; 

(c) evaporating a portion oLihe_solvent from the dispersion of step (b), thereby forming micro- 
capsules containing the drug in suspension; and 

(d) extracting the remainder of the solvent from the microcapsules. 

The microparticle product is usually made up of particles of a spherical shape although sometimes the 
microcapsules may be irregularly shaped. Preferably 0.1 to 10 urn, more preferably 1 to 5 urn, average 
diameters are desirable for microcapsules for inhalation. For oral use, typical average diameters of 
microcapsules are from 0.1 to 20 urn, preferably from 1 to 20 urn. 
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The microcapsules incorporate a lipid-soiuble surfactant as a drug release controlling agent. The 
surfactant is typically in liquid form. It is preferably a sorbitan fatty acid ester such as sorbitan trioleate, 
sorbitan monolaurate, sorbitan monooleate, sorbitan monopalmitate and sorbitan monostearate.^ Alter- 
natively, the surfactant may be a poloxamer or a surface active fatty acid such as oleic acid. 

5 Where the formulation is a simple mixture of microcapsules and surfactant, the surfactant is typically 
present in an amount up to twice the weight, preferably up to the weight of microcapsules. However, in the 
case of an aerosol the amount of surfactant is generally rather less than this. Surfactant can be incorporated 
in the walls of the microcapsules in an amount of up to 25% by weight of the microcapsules. Preferably, the 
amount is at least 1% by weight Where more than 10% by weight is used, little useful additional effect is 

10 achieved. When microcapsules are exposed to surfactant to enable the surfactant to become coated on the 
microcapsule walls, typically the amount of surfactant to which the microcapsules are exposed is up to ten 
times, for example up to twice or more, the weight preferably up to the weight, of the microcapsules. 

Formulations according to the invention may be presented in a form suitable for inhalation. For this 
purpose r the formulations are generally loaded in an aerosol canister or, in dry powder form, in an inhaler. 

75 In an aerosol, the microcapsules are suspended in the propellant for the aerosol. In a dry powder inhaler, 
the microcapsules may be mixed with a diluent such as lactose. Typically, such microcapsules have had 
surfactant incorporated in their walls during the encapsulation procedure. In both ways, a fine suspension of 
microcapsules may be taken into the lungs by a patient Typically, the aerosol canister or inhaler allows a 
metered dose of a drug such as a bronchodilating agent to be inhaled. This is generally achieved by the 

20 provision of a valve which meters the amount of formulation, fluid in the case of an aerosol, discharged with 
each actuation. 

The microcapsules may be contacted with the surfactant prior to loading in an aerosol. Preferably, 
however, the surfactant is provided with the microcapsules and the propellant for the aerosol in the aerosol 
cannister. In such an instance, the surfactant may be provided in an amount ranging down to 10% of the 
as weight of the microcapsules. The concentration of surfactant in the mixture in the aerosol cannister is 
typically no more than 5% by weight, preferably from 0.01 to 1% by weight. In the case of microcapsules 
for a dry powder inhaler, the surfactant is incorporated in the microcapsule walls prior to loading the inhaler 
with the microcapsules. 

Formulations according to the invention may alternatively be ingested orally. The microcapsules are 

30 exposed to surfactant and suspended in a pharmaceutical^ acceptable water-immiscible oil. The oil is 
typically liquid, a fixed oil such as a fatty acid ester of glycerol. For example, the oil may be cotton seed oil 
or ethyl oleate. This suspension is then emulsified in an aqueous medium. By altering the drug loading in 
the microcapsules and by varying the relative concentrations of surfactants and oil, it is possible to alter the 
amount of drug immediately available in the . aqueous phase of the mixture as well as control the rate of 

35 release of drug from the mixture into systems which mimic oral absorption. 

The formulations are administered to a patient by inhalation or orally. A therapeutically effective amount 
is taken by a patient Dosages depend upon the condition being treated, the stage the condition has 
reached, the patient under treatment and the drug being administered. Typically, however, one or two doses 
per day of a formulation of the invention may be given to a patient 

40 In a preferred embodiment where a bronchodilating agent is encapsulated for inhalation, asthma, 
bronchitis and other diseases of the respiratory system may be treated. The amount of formulation 
administered depends on the particular disease or disorder being treated and the type of bronchodilating 
agent being administered. Generally, however, the formulations may be inhaled only once or twice during a 
day. Thus, a formulation may be inhaled on two occasions per day, with an eight to twelve hour gap before 

45 the second inhalation, in an amount sufficient to deliver from 50 ug to 2 mg, more preferably 100 to 500 ug, 
of bronchodilating agent to the lungs per occasion. The dosage for salbutamol, for example, may be two 
inhalations of 100 ug each. This contrasts with the recommended dose for conventional salbutamol aerosol 
inhalations of 1 to 2 inhalations, each of 100 ug, every three to four hours up to a maximum of eight per 
twenty hours (Martindale, The Extra Pharmacopoeia, 28th edition, 1982). The dosage for terbutaline may be 

50 two inhalations each of 250 ug. 

The following Examples 1 to 6 illustrate the invention. In the accompanying Figures: 
Figure 1 shows the results of the assays of the supernatant for terbutaline sulphate in Example 2; and 
Figure 2 shows the results of the dissolution test in Example 2. 

55 
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Reference Example: Preparation of terbutaline microcapsules 

Terbutaline sulphate microcapsules were prepared using a Buchi 190 Mini spray-dryer equipped with a 
0.7-mm spray nozzle (Brinkmann Instruments Co, Westbury, N.Y.). The spray-drying procedure was 
5 conducted as follows: 

A 1.25 wt % polylactide-glycolide copolymer (DL-PLG) solution was prepared using methylene chloride 
as the solvent. After complete dissolution of the polymer, terbutaline sulphate was added to the polymer 
solution in an amount equalling the weight of DL-PLG. The terbutaline sulphate particles were then 
suspended by homogenization using a Brinkmann Polytron homogenizer (Brinkmann Instruments- Co, 

io Westbury N.Y.). Immediately after the homogenization was completed, the drug/polymer mixture was 
pumped into the nozzle of the spray dryer at a flow rate of approximately 1 ml/min. To effect aerosolization, 
nitrogen was also directed through the nozzle. The nitrogen pressure was maintained at about 103 KPa (15 
lbs/in 2 ). The temperature of the spray-dryer chamber was kept at approximately 70° C. After all of the 
drug/polymer mixture was processed, the spray dryer was allowed to gradually cool to room temperature 

75 and the microcapsule product was collected. 



Example 1: Effect of sorbitan trioleate on the in vitro release of terbutaline from microcapsules 

20 Solutions of sorbitan trioleate (Span 85) were prepared, as follows. Into a 113g (4 oz) glass jar, 150 to 
180g of Freon was added via a gas cylinder. Next, an appropriate amount of Span 85 was added to each 
jar. To prepare 1% Span 85 in Freon, approximately 1.5 g of Span 85 was weighed into a weigh boat and 
poured into the jar containing the Freon. To prepare more dilute surfactant solutions it was necessary to 
add the Span 85 surfactant via a pipette. It was determined that 10 drops of Span 85 weighed 

25 approximately 150 mg. Therefore 1 drop weighs approximately 15 mg. 

Solutions prepared Span 85 added Freon wt 

1% Span 85 ~1.5 g 156.4 g 

0.25% 25 drops 158.0 g 

0.10% 10 drops 161.2 g 

0.01% 1 drop 150,7 g 
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After the surfactant was added, the jars were capped with Teflon-lined screw caps and shaken. The jars 
were stored at -70°C. 

Microcapsules were weighed into plastic scintillation vials and different surfactant solutions were added 
to each vial individually. The vials were labelled accordingly, and a stir bar was added to each vial. The 
sample was allowed to stir uncovered tor approximately 4 hours at room. temperature. The samples were 
then placed under a hood and exposed to continuous air flow for 30 min to remove all traces of the Freon. 
The microcapsule/Span 85 mixture was then scraped from the vial. 

An amount of microcapsules which contained approximately 15 mg of terbutaline sulphate was weighed 
out in triplicate and placed into small nylon pouches. These pouches consisted of 5 um, nylon mesh (Small 
Parts Inc., Miami, Florida), and were 3.81 cm x 3.81 cm (1.5 in x 1.5 in). The pouches were formed by heat 
sealing the edges with a hot spatula blade. The microcapsules were sealed within the pouch by this method 
as well. 

A nylon pouch containing the microcapsules was then placed in a 227 g (8 02) glass jar, and 200 ml of 
deionized water was then added. Next, the glass jar was placed in a shakerbath maintained at 37°C and 
oscillating at a rate of about 120 cycles/min. Aliquots were then removed periodically from the receiving 
fluid and assayed spectrophotometrically at 227 nm to determine their terbutaline sulphate concentrations. 
The amounts of terbutaline sulphate released was then calculated by using the highest recorded absor- 
bance to determine 100% release of drug from the microcapsules. After the maximum or 100% release was 
obtained, the % release was determined proportionally. To illustrate, the following data were obtained for 
Microcapsule Batch D743-021 after exposure to 0.10% Span 85 in Freon. 
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Time 



15 min 



5 min 



Abs. = 227 nm Cone (ug/mL) % Released 
1.443 74*0 83.5 

1.650 85.4 96.4 



30 min 



1.693 



87.6 



98.9 



1 h 



1.711 



88.6 



100.0 



Thus the maximum absorbance as determined spectrophotometrically at 227 nm was 88.6 ug/mL. This 
was determined via a standard curve which was done previously. After determining the maximum release at 
1 h of 88.6 ug/mL. the percent release at the earlier times was calcuiated proportionally. For example, the 
release at 5 min was calculated as follows: 



The results are shown in Table 1 below. 



Example 2: Liquid oral terbutaline formulation 

Microcapsules of terbutaiine sulphate were produced by spray drying according to the Reference 
Example. The particle sizes of the microcapsules were from 1 to 10 urn. The microcapsules were mixed 
with sorbitan trioleate surfactant; then mixed with the oil, ethyl oteate; and finally emulsified in water by first 
adding the non-ionic surfactant Cremophor EL to the oil and microcapsule mixture and then adding 
quantities of water with vigorous mixing. The weight ratio of terbutaline microcapsules: sorbitan trioleate was 
about 1:5. The following quantitative formula was employed: 

Terbutaline microcapsules 174 mg 

Sorbitan trioleate 1 ml 

ethyl oieate 5 ml 

Cremophor EL 5 ml 

Water QS 100 ml - 

The aqueous supernatant was assayed for terbutaline content on the 1st. 5th and 14th day after 
production. Furthermore after the 14th day a 20ml sample of this mixture was exposed to the standard USP 
dissolution test run in pH 6.8 buffer at 37° C and a stirring frequency of 50 cycles/min. The results are 
shown in Rgures 1 and 2. 

In Figure 1 f the data from the assays of supernatant when the mixture was stored for 14 days are 
presented. It is dear from this Figure that the concentration of terbutaiine sulphate in the aqueous phase on 
the 1st day after production was a9% of the total terbutaline concentration and at 14 days the concentration 
was the same. By contrast the results in Figure 2 present data for the in vitro dissolution of this same liquid 
formulation. This pharmacopoeia test is the same as that recommended for many tablet and capsule long 
acting formulations. In Figure 2 it is quite apparent that when the mixture was exposed to this USP test, 
drug dissolved slowly but completely in the aqueous media over a 2 hour period. 



Example 3: Preparation of Aerosols containing Microcapsules 

Experimental aerosols were prepared by adding an appropriate quantity of microcapsules of terbutaline 
sulphate to an empty aluminium canister. The microcapsules were produced by spray-drying according to 
the Reference Example. They were designated batch D743-055-1. Their core loading of terbutaline sulphate 
was 26.6% by weight The amount of terbutaline sulphate released from the microcapsules, in the absence 
of surfactant, was measured in vitro by the procedure described in Example 1 . The percentages by weight 
of terbutaline sulphate released after 5, 10 and 30 mins were 84.5%, 98.6% and 98.8%, respectively. 



74.0 ug/mL x 100% » 83.5% 
88,6 ug/mL 
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The remaining ingredients for the aerosol, suitably cooled, were added. A metered valve capable of 
delivering 25 ul of the mixture was crimped to the canister to provide a seal. The following aerosols were 
prepared: 



Aerosol No. 1 

Microcapsule batch D743-055-1 200 mg 
Sorbitan Trioleate 140 mg 
Trichlorofluoromethane (Propeliant 11 BP 80) 3.44g 
Dichlorotetrafluoroethane (Propeliant 114 BP 80) 3.44g 
Dichlorodif luoromethane (Propeliant 1 2 BP 80) 6.88g 



Aerosol No. 2 Microcapsule batch D743-055-1 200 mg 
Trichlorofluoromethane 3.44 g (Propeliant 11 BP 80) 
Dichlorotetrafluoroethane (Propeliant 114 BP 80) 3.44g 
Dichlorodif luoromethane (Propeliant 12 BP 80) 6.88g 



Example 4: In vivo studies involving terbutaline microcapsules 

Aerosols prepared as described in Example 3 were tested in human volunteers. In one experiment, 
Aerosol No. 1 was employed. The physiological effects produced by this aerosol were compared to similar 
effects producted in the volunteer by a commercially available terbutaline aerosol. The human volunteer 
inhaled 4 puffs from the commercially available terbutaline Inhaler (total inhaled dose approximately 1 mg 
terbutaline sulphate) and, on another occasion, inhaled 8 puffs from Aerosol No. 1 (inhaled dose approxi- 
mately 1 mg terbutaline sulphate). Airway resistance was measured at regular intervals following inhalation 
of the drug substance, utilising a constant volume body plethysmograph and expressed as specific airway 
conductance (sGaw). This method has been described by others, for instance see J E Harvey and A E 
Tattersfield Thorax 1982; 37:280-287. The results of this experiment are given In Table 2 below. Time here 
and in Table 3 is in minutes. 



Time 


Table 2: % Change 


in sGaw 


Commercial Aerosol 


Aerosol 


30 


40 


10 


60 


63 


22 


120 


36 


22 


240 


40 


22 


360 


10 


20 


420 


0 


22 



A second experiment was carried out using another human volunteer. Aerosol No. 2 of Example 3 was 
compared against a standard terbutaline aerosol. In this case the volunteer inhaled 4 puffs of the 
experimental formulation and 2 puffs from the standard inhaler, SGaw was again measured at regular 
intervals as described above. The results from this experiment are given in Table 3 below. 
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Table 3: % Change in sGAw 

Time Commercial Aerosol Aerosol No, 2 

30 47 10 

60 47 30 

120 22 - 39 

240 "6 13 

The data presented in Tables 2 and 3 clearly indicates that Aerosols Nos. 1 and 2, containing 
microencapsulated terbutaline, were capable of prolonging the effect of the drug on sGaw. Comparing the 
results from the first and second experiments indicates that the sorbitan trioleate component of the aerosol 
mixture also had a significant influence on the results. It is clear that the initial response to terbutaline from 
Aerosol No. 1 was substantially depressed and that the response was constant for up to six hours. By 
comparison, the maximum pharmacological effect for Aerosol No 2 was delayed by approximately one hour 
as a result of the microencapsulation of the drug. The response was not constant and was in steep decline 
by the time of four hours. These data clearly indicate that the surfactant prolongs the effect of the inhaled 
microcapsule formulation. 



Example 5: Preparation of Microcapsules Incorporating Surfactant in their wall material 

Salbutamol suphate microcapsules containing Span 85 were prepared using a Buchi 190 Mini spray- 
dryer equipped with a 0.7 mm spray nozzle (Brinkmann Instruments Co, Westbury, NY). The spray-drying 
procedure was conducted as follows. 

A DL-PLQ solution (0.80 wt %) was prepared using methylene chloride as the solvent. After complete 
dissolution of the polymer the span 85 was added. An amount of Span 85 was added such as to obtain a 
core loading of surfactant of 10% by weight. After the Span 85 was dispersed throughout the solution, the 
salbutamol sulphate was added. An amount of salbutamol sulphate was added such as to obtain a core 
loading of drug desired of 20.1% by weight The salbutamol sulphate particles were then suspended by 
homogenisation using a Brinkmann Polytron homogeniser (Brinkmann Instruments Co, Westbury, NY). To 
perform this homogenisation procedure, the probe of the homogeniser was submerged in the polymer/drug 
mixture. The homogeniser was operated at a setting of approximately 6. The mixture was homogenised for 
three 30 second bursts, allowing 30 seconds between each burst. 

Immediately after the homogenisation procedure, the polymer/drug mixture was placed on a stir plate 
and stirred vigorously to ensure that the salbutamol sulphate particles remained in suspension. A Gitson 
Minipulse 2 pump (Gilson Medical Electronics Inc. Middleton, Wl) was then used to pump the mixture into 
the nozzle of the spray-dryer. A flow rate of approximately 1 ml/min was attained using size-14 Viton tubing 
(Cole-Parmer Instrument and Equipment Co, Chicago, IL). A small piece of aluminium foif was wrapped 
securely around the tubing and the mouth of the solvent jar to prevent loss of methylene chloride through 
evaporation. 

To effect aerosolisation, nitrogen was directed through the nozzle of the spray-dryer. The nitrogen 
pressure was maintained at about 103 KPa (15 lb/in 2 ) , as determined by the regulator on the nitrogen tank. 
The temperature of the spray-dryer's inlet chamber was maintained at about 50 °CT while the collection 
chamber was kept at approximately 40° C. After all of the mixture was processed, the spray-dryer was 
allowed to gradually cool to room temperature and the microcapsule product was collected. 
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Example 6: Measurement of In Vitro Release Rgte - from Microcapsules incorporating Surfactant in their wail 
material 

In order to simulate release of drug in the lungs, a simple dissolution/diffusion apparatus was utilised. In 
5 this system, accurately weighed amounts of salbutamol-containing microcapsules prepared according to 
Example 5, of salbutamol-containing microcapsules prepared according to Example 5 but without span 85 
or pure salbutamol were placed inside a sealed piece of dialysis tubing. The pieces of tubing were then 
suspended in beakers containing 150 ml of pH 7.4 buffer. The buffer was stirred at a constant rate. Small 
samples were taken from the fluid in the beakers at regular intervals and assayed for active drug using the 
10 following procedure: 

Samples of the buffer were injected directly on an HPLC fitted with a 2-Moduie with Novopak column 
and Guardpak pre-column, and a fluorescence detector set at 230 nm excitation with no emission filter. The 
solvent employed was a 4:96 acetonitrile/water with TEA adjusted to pH3 with orthophosphroic acid, and the 
flow rate was 2.5 ml per minute. 
is The release of salbutamol from the two different batches of microcapsules, one with and the other 
without surfactant, is demonstrated in Table 4 below. Cleariy, the presence of the Span surfactant within the 
microcapsulses substantially delayed the release of the drug. 



20 Example 7 

Salbutamol microcapsules were prepared using the reference method and an in vitro release study was 
carried out as described in Example 1 except that oleic acid was used as the surfactant instead of sorbitan 
trioleate. The results obtained are shown in Table 5 below. 
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Claims 

5 

1. A pharmaceutical formulation comprising: 

(i) microcapsules which consist essentially of a biocompatible polymeric wall material encapsulating a 
drug, and 

(ii) a lipid-soluble surfactant which is mixed with the microcapsules or is incorporated within or coats 
70 the wall material of the microcapsules. 

2. A formulation according to claim 1, wherein the surfactant is a sorbitan fatty acid ester. 

3. A formulation according to claim 2, wherein the surfactant is sorbitan trioleate. 

4. A formulation according to claim 1, wherein the wall material is biodegradable. 

5. A formulation according to claim 4, which is in the form of an aerosol for inhalation. 

is 6. A formulation according to claim 5, wherein the concentration of surfactant in the aerosol cannister is 
from 0.01 to 1% by weight. 

7. A formulation according to clam 4, which is in the form of a dry powder for inhalation and wherein 
irom 1 to 10% by weight of surfactant is incorporated in the walls of the microcapsules. 

8. A formulation according to claim 1, which is in the form of a composition suitable for oral 
zo administration wherein the microcapsules, which are coated with surfactant, are suspended in a pharmaceu- 

tically acceptable water-immiscible oil which is in turn emulsified in an aqueous medium. 

9. A formulation according to claim 1, wherein the drug is an antibiotic, cardiovascular drug, a drug for a 
cough or cold preparation, a peptide drug, any other naturally occurring agent or a derivative thereof, an 
anti-viral agent, an anti-convulsant or chemotherapeutic agents for cancer treatment. 

25 10. A formulation according to claim 1, wherein the drug Is a bronchodilating agent or other anti-asthma 
drugs such as corticp steroids, disodium chromoglycate and antihistamines. 

11. A formulation according to claim 10, wherein the bronchodilating agent is a beta-adrenergic agonist, 
a xanthine, an anti-cholinergic agent, a calcium antagonist or a leukotriene or derivative thereof. 

12. A formulation according to claim 11, wherein the drug is salbutamol or terbutaline. 

30 13. A process for the preparation of a pharmaceutical formulation as defined in claim 1, which process 

comprises mixing the microcapsules with the surfactant. 

14. A process for the preparation of a pharmaceutical formulation as defined in claim 1, which process 

comprises exposing the microcapsules encapsulating drug to surfactant so that the surfactant coats the wall 

material of the microcapsules, 
as 15. A process according to claim 14, further comprising suspending the microcapsules which have 

been exposed to surfactant in a pharmaceutical^ acceptable water-immiscible oil and emulsifying the 

resulting suspension in an aqueous medium. 

16. A process for the preparation of a pharmaceutical formulation as defined in claim 1, in which the 

surfactant is incorporated in the wall -material of the microcapsules, which process comprises dissolving the 
40 polymeric material for the walls in a solvent, dispersing surfactant and drug in the polymer solution and 

evaporating off the solvent 
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Description 

This invention rcl.t.s to controlling the refeaw of drugs from ph«rm*cutic*] formulabont 

Currently available treatments for asthma and bronchitis, although orally ««^*- «• ^! 

5 rw.cess.ty for frequent drug administration anftor the poa.lbllity of onpteasant « ^ " 

has long boon established that direct application of broncnodilatlng drugs to the longs by .nhalahon 
provides rap* relief for asthmatic and bronchitic symptoms. However, the very rapid systemc •bwrpt.on of 
drugs when administered by this route results in a relativety short duration of the ^* ch ™* effect 
Consequently this route of administration has not been as acceptable for the prophylactic: admmtradon of 

.o bronchodilating drugs in an attempt to prevent acute asthmatic attacks. Certain oral *sage forma are 
available for this latter purpose. However, they are not administered directly to tM *»e ofactfon. The 
dosages required are therefore very much higher and the incidence of unpteasant *de effects is much 

greater. . ^ . 

The respiratory tract may also be used as a means of drug administration in drcumstances where other 
routes are inappropriate or inconvenient. Certainly anaesthetic events are administered by this ^utetor 
their system* activity, and thore is evidence in the literature that peptides such as insulin can be absorbed 
systematically from the lungs. , 
The process of microencapsulation of drugs in various polymeric materials is a well known means of 
producing controlled release drug delivery systems. EP-A-0038979. for example, describes the preparation 

20 of ethylcellulose microcapsules having a size less than 1000 urn. typically 100-450 um. for the delivery of 
drugs The disclosed process involves employing an organosilicone polymer, optionally together with a 
surfactant, to increase the viscoelastiaty and wettability of the ethylcellulose gel Th.s measure serves to 
improve the quality of the resulting microcapsules by promoting the formation of a compact and complete 
ethylcelkitose wait structure. The organosilicone polymer and optional surfactant are washed off the 

21 microcapsules at the end of the process. 

Factors controlling the release of drugs from known microcapsules have been well described in the 
literature. In summary the critical factors are: 

1. the method of encapsulation and therefore the physical nature of the microcapsule: 

2. the specific polymeric material chosen to form the walls of the microcapsule; 

y> 3. the physical state of the polymeric material in the microcapsule, i.e. the degree of crystaliinity; and 
4. the solubility and drffusion characteristics of the salt form of the drug chosen. 
Children and the elderly have drfficulty insw^kjwTng cbnveritionai tablets and capsules. Unfortunately 
there have been many technical difficulties in producing controlled release drug delivery systems which 
could be administered in syrup or liquid form. The greatest technical difficulties are, on the one hand, of 
js keeping the active ingredient largely out of aqueous solution during storage, while at the same time allowing 
this active ingredient to dissolve slowly once the product has been administered to a patient. 

We have now produced microencapsulated drug particles typically in sizes ranging in excess of 1 um. 
The drugs employed have been incorporated in various polymeric wall forming materials. It was found that 
when these microcapsules were exposed to lipid-solubie surfactant or when such a surfactant was 
jq incorporated in the wall material of the microcapsule, the release of drug from the microcapsules was 
retarded. The rate of release of the drug could be controlled with respect to time. 

Accordingly, the present invention provides pharmaceutical formulations suitable for inhalation, compris- 
ing: 

(i) microcapsules having an average diameter of from 0.1 to 10 um which consist essentially of a 
45 biocompatible biodegradable polymeric wall material encapsulating a drug, and 

(ii) a Kpid-soluble surfactant which is mixed with the microcapsules or is Incorporated within or coats the 
wall matenal of the microcapsules. 

The invention further provides pharmaceutical compositions suitable for ingestion, composing: 
(n microcapsules having an average diameter of from 0.1 to 20 um. which consist essentially of a 
<c biocompatible polymer wall material encapsulating a drug, and 

(ii) a lipid-soluble surfactant, which is mixed with the microcapsules or is incorporated within or coats the 
wall material of the microcapsules. 

Such formulations can be simple mixtures of microcapsules encapsulating a drug and surlactant. 
Alternatively or additionally, microcapsules encapsulating drug may have been exposed to surfactant so that 
w the surfactant forms a coating on the wall material of the microcapsules. Microcapsules having surfactant 
■incorporated in their walls may also be prepared by dissolving the polymeric material for the walls in a 
solvent, dispersing surfactant and drug in me polymer solution, evaporating off the solvent and obtaining the 
panicles thus formed with the desired average c.ameter. A pharmaceutical ty acceptable carrier or dituent 
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may be provided in the formulation 

Th* formulation may be presented in a form suitable for inhalation. For this purpose, it may take the 
form of an aerosol in which (he microcapsules are suspended fn Che propedant for the aerosol or H may be 
in dry powder form. Use of the preeent system for local application of drugs to the lungs extends beyond 
5 bronchodilattng agents. Other drugs important in the treatment of asthma may be administered In this way 
including corticosteroids, disodium cromoglycate antihistamines and leukotriene antagonists. Furthermore, 
stow release of antibiotic and antiviral materials, chemo therapeutic agents for cancer treatment In the lung 
may be achieved. 

Alternatively, an orally administrate preparation may be formulated. A preferred such oral formulation is 
io propared by suspending the microcapsules incorporating the surfactant In their walls in a pharmaceuttcally 
acceptable water-immiscible oil and emulsifying the oil suspension of microcapsules in an aqueous 
medium. 

By mixing the tiptd-sofubfe surlactant wftn the microcapsules or incorporating the surfactant m the wails 
of the microcapsules, the release of drug from me microcapsule* can be Controlled. In its turn, this controls 
rs the degree and duration of the pha/macc4ogicai effect obtained. As f ar as tne preferred liquid oral dosage 
form is concerned, t drug release deKvery system can be produced with is stable in the aqueous form but 
which releases drug in vivo at rates simitar to that produced by venous conventional long acting 
formulations. Further, the system is easier to administer to children and older patients. Protection of drugs 
by way of microencapsulation in the system can Improve their stability In aqueous media. The flavour and 
20 payability of liquid formulations may be improved. 

The drug encapsulated in fte microcapsules may be any agent wnich exhibits a pharmacological effect. 
The drug may be selected from antibiotics such as ampiciliin or penicillin V. cardiovascular drugs such as 
betablockers, calcium antagonists or nitrates such as isosorbide dinitrate or rsosorbide mononitrate, a drug 
for cough and cold preparations such as dextromethorphan or diphenhydramine, peptide drugs such as 
& insulin or human growth hormone, other naturally occurring agents and derivatives such as prostaglandins, 
anti-viral agents and anti-convulsants such as phenytoin and sodium valproate. 

Preferably, the drug is a bronchodilating agent. Suitable bronchodtlator compounds include beta- 
receptor agonists and. more particularly, beta-adrenergic agonist agents such as satoutamol (2- 
tert.butytamino-1*(4-hydroxy-3-hydroxymethy1 phenyljethanol. normally presented as its sulphate) and 
30 terbutaline <2-tert.butylamino-f-<3,5-dihydroxyphenyl)ethanol. normaHy presented as its sulphate). Other 
bronchodilating agents which may be employed are xanthines such as theophylline, anti-cholinergic agents'* 
such as ipratropium bromide and the Lke. calcium antagonists such as nifedipine and biological agents such 
as leukotrienes and derivatives thereof. - . = : r : 

The amount of drug ' incorporated in the "rnicropartcles ossify" ranges from less than 1% to as high as 
3S 95% by weight, preferably from t to 90% by weight. Two or more drugs may be encapsulated in the 
microcapsules. In such an event, the drugs must be inert with respect to each otha r . 

The polymeric wan material of the microcapsules must be biocompatible. A biocompatible polymenc 
material is a polymeric materia* which is not toxic to the human body, is not carcinogenic and should not 
induce inflammation in body tissues. Preferably, the wail material is biodegradable in the sense that it 
jo should degrade by bodily processes to products readily disposable by the body and should not accumulate 
in the body. For microcapsules for inhalation, therefore, the wall material should be biodegradable. Suitable 
examples of polymeric materials include poly(glycoiic acid), poly-dJ -lactic acid copolymers thereof, 
copoiyoxaiates. polycaproiactone. and poly(iactic acid-caprotactone). For oral preparations, cellulose deriva- 
tives such as ethyl cellulose may be employed. 
js The molecular weight of the polymeric material for the wails of the microcapsules should be high 
enough so that it forms satisfactory polymer coatings. Usually a satisfactory molecular weight is greater 
than 10.000 daltons. The molecular weight of a polymer is also important from the point of view that 
molecular weight influences the biodegradation rate of tne polymer. By an appropriate selection of 
polymeric materials a formulation can be made such that the resulting microcapsules remain intact until all 
so of the drug is released and then degrade. 

The microcapsules may be prepared in any suitable fashion. They may be prepared by spray-drying, in 
this technique, the polymenc material for the walls of the m^ocapsuies is dissolved in a solvent such as 
methylene chloride. An appropriate amount of sudactant. if desired, and drug, depending on the deseed 
core load of the microcapsules, is dispersed in the polymer solution. This dispersion is then spray-d*-»ed. An 
55 inert gas such as nitrogen is typically forceo through the nozzle of the spray-dryer with the dispersion to 
cause an aerosol of microcapsules to be formed initially. The microcapsules are then colfecteo 
Alternatively, the microcapsules may be prepared by: 
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<a) dissolving or dispersing a drug in a solvent, typically methylene chloride, and dissolving a biocom- 
patible and biodegradable wall forming materia! in the solvent: 

<b) dispersing the solvent containing the drug and wail forming material in a continuous phase processing 
medium such as a 1 to 10% by weight polyvinyl alcohol in water mixture: 
s (c) evaporating a portion of the solvent from the dispersion of step <b>, thereby forming microcapsules 
containing the drug in suspension; and 

(d) extracting the remainder of the solvent from the microcapsules. 

The micropartide product is usually made up of particles of a spherical shape although sometimes the 
microcapsules may be irregularly shaped. Microcapsules lor inhalation have an average diameter of 0.1 to 

to 10 urn. preferably 1 to 5 urn. Microcapsules for ingestion have an average diameter of from 0.1 to 20 um. 
prefer ably from 1 to 20 um. 

The microcapsules incorporate a Hpid-solubie surfactant as a drug release controlling agent. The 
surtactant is typically m liquid form. It Is preferably a sorbitan fatty acid ester such as sorbitan trioleate, 
sorbitan monolaurate, sorbitan monooieate. sorbitan monopalmttate and sortxtan monostearate. Alternatively. 

is the surfactant may be a polyoxamer or a surface active fatty aad such as oleic acid. 

Where the formulation is a simple mixture of microcapsules and surfactant, the surfactant is typically 
present in an amount up to twice the weight, preferably up to the weight of microcapsules However, in the 
case of an aerosol the amount of surfactant is generally rather less than this. Surfactant can be incorporated 
in the walls of the microcapsules In an amount of up to 25% by weight of the microcapsules. Preferably, the 

20 amount is at least 1% by weight. Where more than 10% by weight is used, little useful additional effect is 
achieved. When microcapsules are exposed to surfactant to enable the surfactant to become coated on the 
microcapsule walls, typically the amount of surfactant to which the microcapsules arc exposed is up to ten 
times, for example up to twice or more, the wetght. preferably up to the weight of the microcapsules. 

Formulations according to the invention may be presented in a form suitable fcx inhalation For this 

*s purpose, the formulations are generally loaded in an aerosol canister or, in dry powder form, in an inhaler. 
In an aerosol, the microcapsules are suspended in the propellant for the aerosol, in a dry powder inhaler, 
the microcapsules may be mixed with a diluent such as lactose. Typically, such microcapsules have had 
surfactant incorporated in their walls during the encapsulation procedure. In both ways, a fine suspension of 
microcapsules may be taken into the lungs by a patient. Typically, the aerosol canister or tnheier allows a 

30 metered dose of a drug such as a bronchodiiating agent to be inhaled. This is generally achieved by the 
provision of a valve which meters the amount of formulation. Uuid in the case of an aerosol, discharged with 
each actuation. 

The microcapsules may be contacted with the surfactant poor "to Tc^ng^^w^aerpsol.^ Preferably, 
however, the surfactant is provided with the microcapsules" and the propellant ior the aerosol in trie aerosol 
3fi canrwster. In such an instance, the surfactant may be provided in an amount ranging down to 10% of the 
weight of the microcapsules. The concentration of surfactant in the mixture in the aerosol cannister is 
typically no more than 5% by weight, preferably from 0.01 to t% by weight. In the case of microcapsules 
tor a dry powder inhaler, the surfactant is incorporated in the microcapsule walls prior to loading the inhaler 
with the microcapsules. 

oo Formulations according to the invention may alternatively be ingested orally. The microcapsules are 
exposed to surfactant and suspended in a pharmaceubcally acceptable water-immiscible oil. The oil is 
typically Gould, a fixed otl such as a fatty acid ester of glycerol. For example, the oil may be cotton seed oil 
or ethyl oleate. This suspension is then emulsified in an aqueous medium. By altering the drug loading in 
me microcapsules and by varying the relative concentrations of surfactants and oil. ft te possible to alter the 

js amount of drug immediately available in the aqueous phase of the mixture as well as control the rate of 
release ol drug from the mixture into systems which mtmic oral absorption. 

The formulations are administered to a patient by inhalation or orally. A therapeutically effective amount 
is taken by a patient. Oosages depend upon the condition being treated, the stage the condition has 
reached, the patient under treatment and the drug being administered. Typically, however, one or two doses 

so per day of a formulation of the invention may be given to a patient. 

In a preferred embodiment where a bronchodiiating agent is encapsulated for inhalation, asthma, 
bronchitis and other diseases of the respiratory system may be treated. The amount of formulation 
administered depends on the particular disease or disorder being treated and the type of bronchodiiating 
agent being administered. Generally, however, the formulations may bo inhaled onty once or twice during a 

55 day. Thus, a formulation may be inhaled on two occasions per day, with an eight to twelve hour gap before 
the second inhalation, rn an amount sufficient to deliver Irom SO ug to 2 mg, more preferably 100 to 500 ng. 
of bronchodilabng agent to the lungs per occasion. The dosage for saJbutamoi. for example, may be two 
mhaiations of 100 ug each. This contrasts with the recommended dose for conventional salbutamol aerosol 
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inhalations oM to 2 inhalations, each of 100 uq, every three to four hours up to • maximum of eight per 
twenty hours (Mertindale. The Extra Pharmacopoeia, 28th edition, 1982). The dosage for terbutaline may be 
two inhalations each of 250 ug. 

The following Examples I to 6 illustrate the invention, In the accompanying Figures: 
s Figure 1 shows the results of the assays of the supernatant for terbutaline sutphatt in Example 2; and 
Figure 2 shows the results of the dissolution test in Example 2. 

Reference Example: Preparati on of terbutaline micr ocapsules 

'0 Terbutaline sulphate microcapsules were prepared using a 6uchi 190 Mini spray-dryer equipped with a 
0.7 -mm spray nozzle (Brinkmann Instruments Co, Westbury, N.Y.). The spray-drying procedure was 
conducted as follows: 

A 1.25 wt % polylactide-glycolide copolymer (Ol-PLG) solution was prepared using methylene chloride 

as the solvent. After complete dissolution of the polymer, tertxitaline sulphate was added to the polymer 
is solution in an amount equalling the weight of OL-PtQ. The tert>utaline sulphate particles were then 

suspended by homogenization using a Brinkmann Pofytron6 homogentzer (Brinkmann Instruments Co. 

Westbury N.Y.J. Immediately after the homogeni zation was completed, the drug polymer mixture was 

pumped into the nozzle of the spray dryer at a flow rate of approximately 1 mi/min. To effect aerosoKzation. 

nitrogen was also directed through the nozzle. The nitrogen pressure was maintained at about 103 KPa (15 
20 IbS'in*). The temperature of the spray-dryer chamber was kept at approximately 70 *C. After all of the 

drug polymer mixture was processed, the spray dryer was allowed to gradually cool to room temperature 

and the microcapsule product was collected. 

Example I ; Effect of sorbitan trioleate on the in vctro release of terbutaline from microcapsules 

■ 

Solutions of sorbitan trioleate (Span 85) were prepared as follows. Into a 113g <4 oz) glass jar. 150 to 
160g of FreonS was added via a gas cylinder. Next, an appropriate amount of Span® 85 was added to each 
jar. To prepare 1% Span 85 in Freon. approximately 1.5 g of Span 85 was weighed into a weigh boat ano 
poured into the jar containing the Freon. To prepare more dilute surfactant solutions it was necessary to aod 
oo the Span 85 surfactant via a pipette, tt was determined that 10 drops of Span 85 weigned approximately 
150 mg. Therefore 1 drop weighs approximately 15 mg. _ 



Solutions prepared 


Span 85 added 


Freon wt 


1% Span 85 


-1.5 g 


156.4 g 


0.25% 


25 drops 


158.0 g 


0.10% 


10 drops 


161.2 g 


0.01% 


I drop 


1507 g 



After the surlactant was added, the jars were capped with TeftonO-lined screw caps and shaken. The 
jars were stored at -70 • C. 

Microcapsules were weighed into plastic scintillation vials and different surlactant solutions were added 
to each vial individually. The vials were labelled accordingly, and a stir bar was added to each vial. The 
samo*e was allowed to stir uncovered for approximately 4 hours at room temperature. The samples were 
then placed under a hood and exposed to continuous air flow for 30 min to remove all traces of the Freon. 
The microcapsule Span 85 mixture was then scraped from the vial. 

An amount of microcapsules which contained approximately 15 mg of terbutaline sulphate was weighed 
out in triplicate and placed into small nylon pouches. These pouches consisted of 5 urn. nylon mesh (Small 
Parts Inc . Miami. Florida), and were 3.81 cm x 3.81 cm (1.5 in x 1.5 in). The pouches were formed t/ neat 
sealing the edges with a hot spatula blade. The microcapsules were sealed within the pouch by thrs method 
as we»», 

A nylon pouch containing the microcapsules was then placed in a 227 g (8 oz) glass jar, and 200 ml of 
deioni2ed water was then added. Next, the glass jar was placed in a shakerpath maintained at 37 " C ano 
oscillating at a rate of about 120 cycles/min. Aliquots were then removed periodically from the receiving 
fluid and assayed spectrophotometrically at 227 nm to determine their terbutaline sulphate concentrations. 
The amounts of terbutaline sulphate released was then calculated by using the highest recorded absor- 
bance tc determine 100% release of drug irom the microcapsules. After the maximum or 100% release was 
obtained, the % release was determined proportionally. To illustrate, the following data were obtained for 
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Microcapsule Batch 0743O21 attar exposure to 0,10% Span 85 in Freon 



10 



Time 


Abs. - 227 nm 


Cone (ugmi) 


% Released 


S min 


1.443 


740 


83.5 


15 min 


1,650 


85.4 


96.4 


30 min 


1.693 


87.8 


98.9 


1 h 


1.711 


88.8 


100.0 



Thus me maximum absorbence as determine* spectrophotometricaliy at 227 nm was 88.6 ug/ml. This 
was determined via a standard curve which was done previously. After determining the maximum rafcuaat 
1 h of 88.6 ug/rol. the percent release at the earlier times was calculated proportionally, for example, the 
release at 5 min was calculated as follows: 



74.0 uq/nl x 100% - 83.5* 
88.6 ug/ml 



20 



The results are shown in Table 1 below. 



30 



35 



45 



55 



Example 2: Liqui d oral terbutaline formulation 

Microcapsules of terbutaline sulphate were produced by spray drying according to the Reference 
Example. The pamcie sizes of the microcapsules were from i to 10 um. The microcapsules were mixed 
with sorbitan trioleate surfactant then mixed with the oil. ethyl oieate: and finally emulsified in water by first 
addmg the non-ionic surfactant Cremophor* EL to the oil and microcapsule mixture and then adding 
quantities of water with vigorous mixing. The weight ratio of terbutaline microcapsules: sorbitan trioleate was 
about 1:5. The following quantitative formula was employed: 



Terbutaline microcapsules 


174 mg 


Sorbitan trioleate 


- 1 ml 


ethyl oieate 


$ ml — 


Crernophor EL 


5 ml 


Water OS 


100 ml 



The aqueous supernatant was assayed for terbutaline content on the 1st. Sth and 14th day after 
production. Furthermore after the 14th day a 20ml sample of this mixture was exposed to the standard USP 
dissolution test run in pH 6.8 buffer at 37' C and a stirring frequency of 50 cycles- min. The results are 
shown in Figures l and 2. 

In Figure 1. me data from the assays of supernatant when the mixture was stored for 14 days are 
presented. It is dear from this Figure that the concentration of teroutaline sulphate in the aqueous phase on 
the 1st day after production was 8.9% of the total terbutaline concentration and at 1 4 days the concentration 
was the same By contrast the results in Figure 2 present data (or the in vitro dissolution of this same liquid 
formulation. This pharmacopoeia test is the same as that recommended for many tablet and capsule long 
acting formulations. In Figure 2 it is quite apparent that when the mixture was exposed to this USP lest, 
drug dissolved slowly but completely m tne aqueous media over a 2 hour period. 

Example 3 : Preparation of Aerosols containing Microcapsules 

Experimental aerosols were prepared by adding an appropriate quantity of microcapsules of terbutaline 
sulohate to an empty aluminium canister. The microcapsules were produced by spray-drying according to 
the Reference Example. They were designated batcn 0743-055-1- Their core loading of teroutaline sulphate 
was 26.6% by weight. The amount of terbutaiine sulphate released from the microcapsules, m the absence 
of surfactant, was measured in vitro by the procedure described in Example 1 The percentages by weight 
of teroutaline sulphate released after 5. 10 and 30 mins were 84.5*«. 98.6% and 98.8^ . respectively. 
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The remaining ingredients for the aerosol, suitably cooled, were adoed. A metered valve capable of 
delivering 25 ul of the mixture was crimped to the canister to provide a seal. The following aerosols were 
prepared: 



Aerosol No. 1 


Microcapsule batch 0743-055-1 
Sorbitan Trioleate 

Trichlofofluoromethane (Propellent 11 BP 80) 
Otchkxotetrafluoroethane (Propellent 1 14 BP 80) 
Oichtorodifluoromethane (Propellent 12 BP 80) 


200 mg 
140 mg 
3 44g 
3 44 g 
6.88 g 


Aerosol No. 2 


Microcapsule batch 0743-055-1 
Trichlorofluoromethane (Propellant 1 1 BP 80) 
Oichtorotetrafiuoroethane (Propeiiant 114 BP 80) 
Dichtorodifluoromethane (Propellant 12 BP 80) 


200 mg 
3 44 g 
3.44 g 
6.88 g 



Example 4: In vivo studies involving terbutaline microcapsules 



Aerosols prepared as describee in Example 3 were tested in human volunteers. In one experiment. 
Aerosol No. 1 was employed. The phvsiotogical effects proouced by this aerosol were compared to similar 
effects produced in the volunteer by a commercially available terbutaline aerosol. The human volunteer 
inhaled 4 puffs from the commercially available terbutal<ne inhaler (total inhaled dose approximately 1 mg 
terbutaline sulphate) and. on another occasion, inhaled 8 puffs from Aerosol No. 1 (inhaled dose approxi- 
mately 1 mg terbutaline sulphate). Airway resistance was measured at regular intervals following inhalation 
of the drug substance, utilising a constant volume body plethysmograph and expressed as specific airway 
conductance <sGaw). This method has been described by others, for instance see J E Harvey and A E 
Tattersfield Thorax 1982: 37:280-287. The results of this experiment are given in Table 2 below. Time here 
and in Table 3 is in minutes. - - - l : .*?■"•_ cr_ce .- — 

Table 2; % Change In sGav 



Time 


Commercial Aerosol 


Aerosol 


30 


40 


10 


60 


63 


22 


120 


36 


22 


240 


40 


22 


360 


10 


20 


420 


0 


22 



A second experiment was carried out using another human volunteer. Aerosol No. 2 of Example 3 was 
compared against a standard tertxitaiine aerosol. In this case the volunteer inhaled 4 puffs of the 
experimental formulation and 2 puffs from the standard inhaler. SGaw was again measured at regular 
intervals as desenbed above. The results from this experiment are given in Table 3 below. 
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Tabla 3; % Change in «GAw 

Timt Commarcial Aerosol Atrctcl wo. 2 

47 10 
47 30 
22 39 
6 13 



30 
60 
120 
240 



Th« rtam or.sented in Tables 2 and 3 clearly indicates that Aerosols Nos. 1 end 2. containing 
mi c^nc iu.aTer te ^L ^: c^Se o. f^ging me effect o, thedrug on ^^<^ 
™Zfr°rn*» first and second experiments indicates that the sorbitan trioleate component ot the aerosol 
^ZTJ^^Zcs on the resuK, « , dear that the ^^^^ 
Aerosol No 1 was substantially depressed and that the response was constant lor op to s.x 
^oson' the maximum pjnacotogical effect lor Aerosol No 2 was detoyed by 
aTTesuTof the microencapsulation of the drug. The response was not constant and was* «eep «cuna 
by *e time of tour hours. These data dearly indicate that the surlactant prolongs the effect of the ***** 
microcapsule formulation. 

Example S: Preparation of Microcapsules incorporating Surfactan t in their wall material 

Salbutamol suphate microcapsules contaming Span 85 were prepared us.ng a Buchi 190 Min. spray- 
dryer equipped with a 0.7 mm spray noz.le iBrinkmann Instruments Co. Westbury. NY,. The spraying 

25 procedure was conducted as follows. 

A OL-PtG solution (0.80 wt %> was prepared using methylene chloride as the solvent. After complete 
dissolution of the polymer the span 85 was added. An amount ol Span 8S was ^sxha, to obUun a 
core loading of surlactant of 10% by weight. Alter the Span 85 was dispersed throughout the isolut-on Jhe 
salbutamol sulphate was added. An amount of salbutamo. sulphate was added such as to obtama core 
loading of drug desired of 20.1% by weight. The salbutamol sulphate particles were then suspended W 
homogenisation using a Brinkmann PoJylron homogeniser (Brinkmann Instruments Co. Westbury. Wl To 
perform this homogenisation procedure, the probe of the homogeniser was submerged .n ^^^^ 
mixture. Th« homogeniser was operated at a setting of approximately 6. The mixture was homogerused lor 
three 30 second bursts, allowing 30 seconds between each burst. 

Immediately after the homogenisation procedure, the polymer drug m.xture was placed on a st.r ptate 
and stirred vigorously to ensure that the salbutamol sulphate particles remaned in suspens.cn. A G.lson 
Minipulse 2 pump (Gilson Medical Electronics Inc. Middteton. Wt) was then used to pump the m.xture .nto 
the nozzle of the spray-dryer. A ftow rate of approximately 1 mlmin was attained using s.ze-M Viton tubing 
(Cole-Parmer Instrument and Equipment Co. Chicago. II). A small piece of alum,nium foil was wrapped 
securely around the tubing and the mouth of the solvent jar to prevent toss of methylene chtor.de through 

evaporation. _ 

To effect aerosolisalion. nitrogen was dtrected through the nozzle of the spray-dryer. The mtrogen 
pressure was mamiatned at about 103 KPa (15 Itxim) . as determined by the regulator on the nrtrogentank. 
The temperature of the spray-dryer's inlet chamber was maintaneo at about 50 *C. wh.ie the coHection 
chamber was kept at approximately 40 'C. After all of the mixture was processed, the spray-dryer was 
allowed to gradually cool to room temperature and the microcapsule product was collected. 

Example 6: Measurement of In Vitro Release Rale from Microcapsules incorporating Surfactant in trwr wal l 

material 

In order to simulate release of drug in the lungs, a simple dissolutiorvdiffuaon apparatus was utilised. In 
this system accurately weighed amounts of saloutamol-coniaming microcapsules prepared accora.ng to 
Example 5. ol salbutamol-containing m.crocapsute S prepared accord.ng to Example 5 but wlhout Span 85 
or pure salbutamol were placed inside a seated p-ece of dialysis tubing. The pieces ol tubing were then 
suspended .n beakers contain,^ 150 ml of pH 7.4 bufler. The butter was st.rred at a constant rate. Small 
samples were taken from the flu.d in the beakers at regular .nlervals and assayed lor active drug uang the 

following procedure: i ... , . _ 

Samples o( the buffer were -n^cted directly on an HPLC fitted w.tn a 2-Module w.th Novopatc column 
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and Guerdpak pre-column, and a fluorescence detector set at 230 nm exatation with no emission filter. The 
sofvent emptoyea was a 496 acetonitrile/water with TEA adjusted to pH3 *th orthophosphonc acid, ano the 
flow rate was 2.5 ml per minute. ^ . . . 4 . , 

The release of salbutamol from the two different batches of m.crocapsutes. one with and the other without 
surfactant is demonstrated in Table 4 below. Clearly, the presence of the Span surfactant w.m.n the 
microcapsules substantially delayed the release of the drug 

Example 7 

Salbutamol microcapsules were prepared using the reference method and an tn vitro release study was 
carried out as described in Example i except that ole.c add was used as the surfactant instead of sorbitan 
trioleate. The results obtained are shown in Table 5 below. 
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Claims 

CUlma for the following Contracting States : AT, BE, CR DE, FR, G8, IT, U LU NC, SE 

1- A pharmaceutical formulation suitable lor inhalation, comprising: 
5 (i) microcapsules having an average diameter of from 0.1 to 10 urn which coniist essentially of a 

biocompatible biodegradable polymenc wall material encapsulating a drug, and 
<ii> a lipid-soluble surfactant which is mixed with the microcapsules or is incorporated within or coats 
the wall material of the microcapsules 

/o 2. A formulation according to claim 1. which is in the form of an aerosol for inhalation. 

3. A formulation according to claim 2, wherein the concentration of surfactant In the aerosol canmster is 
from 0.0 1 to 1% by weight. 

n 4. A formulation according to claim i, which is in the form ot a dry powder for inhalation and wherem from 
1 to 10% by wetght of surfactant is incorporated m the walls of the microcapsules. 

5. A pharmaceutical formulation suitable for ingestion, cornpnsing: 

<i') microcapsules having an average diameter ol from 0.1 to 20 urn which consist essentially of a 
20 biocompatible polymer wail material encapsulating a drug, and 

(if) a Kpid-sotubte surfactant which is mixed with the microcapsules or is incorporated within or coats 
the wall material of the microcapsules. 

6. A formulation according to claim 5. which is in the form of a composition suitable lor oral adminjstration 
- 5 wherein the microcapsules, which are coated with surfactant, are suspended in a pharmaceutical^ 

acceptable water-immiscible oil which is in turn emulsified in an aqueous medium. 

7. A formulation according to any one of claims 1 to 6 wherein the surfactant is a sorbitan fatty add ester. 
30 & A formulation according to claim 7. wherein the surfactant is sorbitan trioleate. 

9, A formulation according to any one ol claims 1 to 8 wherein the drug is an antibiotic, cardiovascular 
arug. a drug for a cough or coW preparation. -a peptide drug, an anti-viral agent, an anb-convulsant or 
Chemotherapeutc agent for cancer treatment. ' : : ^ *" " " " ' 

10. A formulation according to any one of claims I to 8 wnerem the drug is a bronchodilating agent or 
other anti-asthma drug selected from corticosteroids, disodium cromogiycate and antihistamines. 

f 1. A formulation according to claim 10. wherein the bronchodilating agent is a beta-adrenergic agonist, a 
xanthine, an anti-cholinergtc agent, a calcium antagonist or a leukotnene or derivative thereof. 

12. A formulation according to claim 1 1, wherein the drug is salbutamol or terbutaline. 

13. A formulation according to any one of claims I to 8 and 10 to 12. wherein microcapsules encapsulating 
js a bronchodilating agent are mixed with a sorbitan fatty acid ester which is present m an amount up to 

the weight of the microcapsules. 

14. A process for the preparation of a pharmaceutical formulation as defined in any one of claims 1 to 13 
which process comprises mixing the microcapsules with the surfactant. 
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15. A process according to claim 14 which process comprises exposing the microcapsules encapsulating 
drug to surfactant so that the surfactant coats the wall material of the m.crocapsuies. 

16. A process for the preparation of a pharmaceutical formulation as defined in any one of claims Mo 13 m 
whMch the surfactant is incorporated m the wall matenal of the microcapsules, which process comprises 
dissolving the polymeric material for the wails in a solvent, dispersing surfactant and drug in the 
polymer soWeon. evaporating off the solvent and obtaining the microcapsules thus formed with an 
average diameter of from 0.1 to 10 um 
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17. A process according to clam 16 tor the preparation of a pharmaceutical formulation as defined in claim 
5, further comprising suspeockng the microcapsules which have been exposed to surfactant in a 
pharmaceutical^ acceptable water-immisoble oil end emulsifying the resulting suspension in an 
aqueous medium. 

Claims for the following Contracting States : ES. OR 

1. A process for the preparation of a pharmaceutical formulation suitable for inhalation, comprising 

(») microcapsules having an average diameter ol from 0.1 to 10 um which consist essentially of a 

biocompatible biodegradable polymeric wall material encapsulating a drug, and 

(ii) a lipid-soluble surfactant which is mixed with the microcapsules or is incorporated within or coats 

the wall material of the microcapsules; the process comprising mixing the microcapsules with the 

surfactant. 



2. A process according to claim 1. wtwein the formulation is in the form of an aerosol for inhalation. 

3. A process according to claim 2. wherein the concentration of surfactant in the aerosol cannisier is from 
0.01 to 1% by weight. 

4. A process according to claim 1, wherein the formulation is in the form of a dry powder for inhalation 
and wherem from 1 to 10% by weight ol surfactant is incorporated in the walls of the microcapsules. 

& A process for the preparation of a pharmaceutical formulation suitable for ingestion, comprising: 

<i f ) microcapsules having an average diameter of from 0.1 to 20 am which consist essentially of a 
biocompatible polymer wall material encapsulating a drug, and 

(ii) a lipid-soluble surfactant which is mixed with the microcapsules or is incorporated within or coats 
the wall material of the microcapsules; the process comprising mixing the microcapsules with the 
surfactant. 



6, A process according to any one of claims 1 to 5 which process comprises exposing the microcapsules 
encapsulating drug to surfactant so mat the surfactant coats the wati material of the miapcapsules. 

7. A process according to any one of claims 1 to 6. wherein the surfactant is incorporated in the wall 
matenal of the microcapsules, which process comprises dissolving the polymeric materia! for the walls 
in a solvent, dispersing surfactant and drug in the polymer solution, evaporating off the solvent and 
obtaining the mtorocapsutes thus formed. 

&. A process according to any one of claims 5 to 7 wherein the formulation is in the form of a composition 
suitable tor oral adminrstration. the process wmprising suspending the microcapsules which have been 
exposed to surlactant in a pharmaceutical^ acceptable water-immtscibte oil and emulsifying the 
resulting suspension in an aqueous medium 

1 A process according to any one of claims 1 to 8 wherein the surfactant is a sorbitan fatty acid ester. 

10. A process according to claim 9, wherein the surfactant is sorbitan trioleate. 

11. A process according to any one of daims 1 to 10 wherein the drug is an antibiotic, cardiovascular drug, 
a drug for a cough or cold preparation, a peptide drug, an anb-vtral agent, an anti-convulsam or 
chemotherapeutic agent for cancer treatment. 

12. A process according to any one of claims 1 to 10 wherein the drug is a bronchodflanng agent or other 
anti-asthma drug selected from corticosteroids, disodium cromoglycate and antihistamines. 

13. A process according to claim 12, wherein the bronchodilating agent is a beta-adrenergic agonist, a 
Kan thine, an anti-chofinerojc agent, a calcium antagonist or a leukotriene or derivative thereof. 

H. A process according to daim 13, wherein the drug is salbutamol or terbutaJine. 
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15. A process according to any one of claims 1 to 10 and 12 to 14 which comprises mixing microcapsules 
encapsulating a broncnodilating agent witn a soroitan fatty acid ester in an amount up to the weight of 
the microcapsules. 



s Patentanspruche 

PatentanaprUche Air folgende Vertrag ssUaten : AT, BE, CM, OE, Fa 08, IT. U. Uk NL SE 

1. Zur Inhalation geeigntte pharmazeutische Formufterung. umfessend: 

(i) Mikrokapsefn. die einen mittleren Ourchmesser von 0.1 bis 10 urn aufweisen. und die im 
»o wesentlichen aus einem bioiogiscn kompatiblen. biologisch abbaubaren polymeren Wandmatenai 

bestehen. das einen Arzneistoff einkapselt und 

(ii) ein iipidt&sliches Surfactant, das mit den Mikrokapseln gemischt Oder in das WandmateriaJ der 
Mikrokapsefn eingebaut ist oder dieses uberzieht. 

'3 2. Formulierung nach Anspruch 1. die in Form eines Aerosols zur InhaJation voriiegt 

3, Formulierung nach Anspruch 2, wcbei die Konzentration dos Surfactants in dem AerosoibehaUer von 
0,01 b«s 1 Gow.-% betrflgt. 

zo 4. Formulierung nach Anspruch l , die in Form eines trockenen Pulvers zur Inhalation vontegt und wooei 
von 1 bis 10 Ge*v.-% des Surfactants in die Wande der Mikrokapseln eingebaut ist. 

5. Zum Einnehmen geeignete pnarmazeutische Formulierung, umfassend: 

<0 Mikrokapseln, die einen mittleren Ourchmesser von 0,1 bis 20 urn aufweisen und die im 
3s wesentlichen aus einem biotogisch kompatiblen. polymeren Wandmatenai bestehen. das einen 

Arznetstoff einkapselt und 

(ii) ein fipjdlfisfcches Surfactant, das mit den Mikrokapseln gemischt Oder in das Wandmatenai der 
Mikrokapseln eingebaut ist Oder cieses uberzient. 

30 6. Formulierung nacn Anspruch 5. die in Form e-ner 2ur oralen Verabreichung geeigneten Zusammenset- 
zung voriiegt. wobei d<e Mikrokapseln. die mit Surfactant uberzogen sind. in einem pharmazeutisch 
vertr^glichen. mit Wasser rn<*tmischbaren Oi suspendiert s;nd, das wiederum in einem waflrigen 
Medium emulgiert is:. 

k 7. Formulierung nach einem der Anspriiche I bis 6. wobei das Surfactant em Sorbitanfettsaureester ist. 

8. FormuHerung r.ach Anspruch 7. wobei das Surfactant Sorbitantrioleat ist. 

9. Formulierung nach einem der Anspriiche 1 b#s 8. wobei der Arzneistoff ein Antibiookum, ein kardiovas- 
io kutarer Arzneistoff. ein Arzneistoff fur eine Zuberwtung gegen Huston oder Erkaltung. ©in Pepodarznei- 

stoff. ein Antivirusmittel. ein Anbkonvulsivum oder ein chemotherapeutisches Mittel zur Behandlung von 
Krebs ist. 
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10. Formulierung nach einem der Anspriiche 1 bis 8. wobei der Arzneistoff em Bronchoditatator oder e.n 
anderes Antiasthmatikum ausgewahlt aus Corticostercnden, Onatriumcromoglykat und Anhhistarrnnika 

ist. 



11. Formulierung nach Anspruch 10. wobei der Bronchodiiatator ein beta-adrenerger Agorwst. ein Xanthin, 
ein anUchoLnerges Mittel. ein Calciumantagonist oder ein Leukothen oder ein Oerivat davon ist. 

12. Formulferung nach Anspruch 1 1. wobei der Arzneistoff Salbutamol oder Terbotalin ist. 

13. Formulierung nach einem der Anspruche J bis 8 und 10 bis 12, wobei Mikrokapseln. d*e einen 
Bronchodilatator einkapseln. ma einem Sorbrtanfetlsaureester gemiscnt werden, der ,n einer Menge bis 

ss zu dem Gewicnt der Mikrokapseln voriiegt. 

14. Verfar.ren zur Herstellung einer pharmazeutischen Formul»erung nach emern der Anspruche 1 bis 13. 
wobei das Verfahren das Mischen der Mikrokapsem rrnt dem Surfactant urr.laflt. 
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15. Verfahren nach Ansrxuch 14, wobei das Verfahren umfaflt dal die Mikrofcapaeln. die den Arzneistoff 
etnkapseln. einem Surfactant ausgesetzt worden, so da/1 das Surfactant das Wandmateriai der Mikro- 
kapseln uberzieht. 

s 16. Verfahren zur Herstellung emer pharmazeutiSchen Formulierung nach einem der Anspruche 1 bis 13. in 
dam das Surfactant in das Wandmateriai dor Mikrokapseln eingebaut isl, wobei das Verfahren das 
AuflSsen des polymeren Materials fur die Wande in einem Soivens. das Dispergieren des Surfactants 
und das Arzneistoffs in der Polymert5sung. das Verdampfen des Sofvens und die Gewinnung der so 
gebildotan Mikrokapseln mit einem mrttJeren Ourchmeaser von 0,1 bis 10 am umfajt. 

to 

17. Verfahren nach Anspruch 16 zur Herstellung eioer pharmazeutiSchen Formulierung nach Anspruch 5. 
dariiber hinaus umfassand das Suspendieren der Mikrokapseln. die dam Surfactant ausgesetzt w&ren. 
in einam pharmazeutisch vertra'g lichen, mit Wasser rtiehtmischbaren 6l und Em utgieren der so 
erhaltenen Suspension in einem wJiflrigen Medium. 

PatentansprvJche fUr folgende Vartragaataaten : ES, OR 

1. Vertanren zur Herstellung emer zur Inhalation geoigneten pharmazeutiSchen Formulierung, umfasseno: 

(0 Mikrokapsem. die einen mittleren Ourchmessor von 0.1 bis 10 am aufweisen und die im 
50 wesentlichen aus ernem biologisch kompatibten. biologisch abbaubaren polymeren Wandmateriai 

bestehen. das einen Arznecstoff einkapseit und 

(it) ein Uoidlbsliches Surfactant, das mit den Mikrokapseln gemtscht oder m das Wandmatenai der 
Mikrokaoseln eingebaut ist oder dieses uberzieht wobei das Verfahren das Mischen der Mikrokap- 
seln mit dem Surfactant umfaflt. 

25 

2. Verfahren nach Anspruch i . wobei die Formuheoing m Form eines Aerosols zur Inhalation vorliegt. 

3. Verfahren nach Anspruch 2, wobei die Konzentratton des Surfactants in dem Aerosolbehatter von 0,01 
bis I Gew.-% betragt. 

30 

4. Verfahren nach Anspruch l . >vober d*e Formulierung in Form ernes ftnockenen -Pufvers zur Inbalabon 
vorliegt und wobei von 1 Cks 10 Gew-% des Surfactants m die Wande der Mikrokapseln eingebaut 
sind. .... v .... 

35 5, Verfahren zur Herstellung emer zum Einnehmen geeigneten pharmazeutiSchen Formulierung, umfas- 
seno: 

(i) Mikrokapseln. die einen mittleren Durchmesser von 0.1 bis 20 urn aufweisen und die im 
wesentfcehen aus einem biologtsch kompatibten. polymeren Wandmateriai bestehen. das einen 
Arzneistoff einkapseit und 

•*o <ii) ein kpidfdsliches Surfactant, das mit den Mikrokapseln gemischt oder in das Wandmateriai der 

Mikrokapseln eingebaut ist Oder dieses uberzieht. wobei das Verfanren das Mischen der Mikrokap- 
seln mit oem Surfactant umfaflt. 

6. Verfahren nach einem der Anspruche 1 bis 5. wobei das Verfahren umfaflt. dad man die Mikrokapseln. 
J5 die oen Arzneistoff einkapseln. einem Surfactant aussetzt. sodafl das Surfactant das Wandmateriai der 

Mikrokapseln uberzieht. 

7. Verfahren nach einem der Anspruche 1 brs 6. wobei oas Surfactant in das Wandmateriai der 
Mikrokapseln eingebaut ist, wobei das Verfanren das Aufldsen des polymeren Materials fOr die wande 

50 in einem Sevens, das Dispergieren des Surfactants unc des Arzneistcffs in der Polymeria sung, oas 
Verdampfen des Soivens und die Gewmnung der so getaioeten Mikrokapseln umfa/Jt 

8. Verfahren nach einem der Anspruche 5 bis 7. wobei die Formulierung <n Form emer zur oraien 
Verabretchurtg geeigneten Zusammensetzung vorliegt. wobei das Verfahren das Suspendieren der 

55 Mikrokapsem umfaflt. die dem Surfactant m e<nem pharmazeutisch vertraglichen, mit Wasser nicht- 

mischbaren 6i ausgesetzt wurden, und Emutgieren der so echaltenen Suspension in emem waflrigeo 

Medium. 
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9. Verfahren nach einem der AnsprOche 1 bis 8. wobei das Surfactant etn SorbitanfettaSureester ist. 

10. Verfahren nach Anspruch 9. wobei das Surfactant Sorbtanuioleat ist. 

s 11. Verfahren nach emem der Anspruche 1 bis 10. wobet das Ar*neistoff ein Anttbiotikum. ein kardiovasku- 
ISrer Aaneistoft. em Arcneistoff fur erne Zubereitung gegen Husten Oder FrkSltung, em Peptidarznei- 
etoff, ein Antivirusmittel. ein Antikonvulsivum oder em chemotherapeutiscnes Mittel zur Behaodlung vcn 
Krebs ist. 

to 12. Verfahren nach einem der Anspruche 1 bis 10. wobei oer Arzneistoff ein Bronchodilatator Oder em 
anderes Antiasthmatikum ausgewahlt aus Corticostero»den. Dinatriumcromoglykat und Antmistaminika 
ist. 

13. Verfahren nach Anspruch 12. wobei der Bronchodilatator ein beta-adrenerger Agonist, ein Xanthin. em 
is antichotinerges Mittel. ein Calcium antagonist oder ein Leukotrien oder em Oerivat davon ist. 

14. Verfahren nach Anspruch 13. wooei das Arzneistoff Saibutamol Oder Terbutalm ist. 

15. Verfahren nach einem der AnsprUch© l bis 10 und 12 bis 14. das das Mischen der Mikrokapsem 
20 umfaJ3t. die einer. Bronchodi lata tor e-nkapseln. mit einem Sorb<tanfettsaureester in einer Menge cis zu 

dem Gewicht der Mikrokapseln. 

Revendlcations 

Revendtcatlons pour Ies Etats contractants suivants : AT. BE, CH, DE, FR, GB, IT, U, LU, NL SE 

25 

1. Formulation pharmaceutique appropriee pour ('inhalation, comprenant : 

(;) des microcapsules ayant un diam6tre moyen de 0,1 a 10 am, qui sont essentieliement 
constitutes en un materiau de paroi polymerique biodegradable et biocompatible encapsuiant un 
medicament, et 

30 (n) un tensioactif lipo-soluble qui est melange aux microcaosules ou qui est incorpcre dans te 
materiau oe paroi des microcapsules ou qui enrobe lesdites microcapsules. " - 

2. Formulation salon la revendication 1. qui est sous fa forme dun aerosol pour inhalation 

35 3. Formulation seion la revendication 2. dans laqueile la concentration du tensioactif dans le recipient 
d'aerosol est de 0.01 a 1 *4 en poids. 



4. Formulation selon la revendication 1 . qui est sous la forme d'une poudre seche pour inhalation et dans 
laqueile 1 ^ 10 % en poids de tensioactif sont incor pores dans la paroi des microcapsules. 

5. Formulation pharmaceutique inge>able. comprenant : 

des microcapsules ayant un diametre moyen de 0,1 a 20 um. qui sonl essentieliement 
constitutes en un mateViau de paroi polymerique biocompatible encapsuiant medicament, et 
(ii) un tensioactif ftpo-soluble qui est melange aux microcapsules ou qui est incorponj dans Je 
*s materiau de paroi des microcapsules ou qui enrobe Ies dites microcapsules. 



6. Formulation selon la revendication 5. qui est sous la forme d*une composition appropriee pour 
('administration par voie orale. dans laqueile Ies microcapsules, qui sont enrobees par le tensioactif. 
sont mises en suspension dans une huile non miscibte a feau, pharmaceutiquement acceptable, qui 

so ensuite. est emulsified en milieu aqueux. 

7. Formulation selon 1'uce quelconque des rovendications 1 a 6. dans laqueile le tensioactif est un ester 
d'acide gras de sorbitan. 

55 a. Formulation selon la revendication 7, dans laqueile le tensioactif est du trioleate de sorbitan. 

9. Formulation selon Tune quelconque des revendications 1 h 8. dans laqueile le medicament est un 
antibiotique. un medicament cardiovascuJaire. un medicament contre la toux ou une preparation contre 
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te rhume, un medicament peptid*que. un agent anti-viral, un agent anti-convuls<vant ou un agenl 
cftimlothdraptque de traitement du cancer. 

10. Formutauon selon rune quelconque des revendications i 4 6. dans taquelle le m3dicam*nt est un 
5 agent bronchodil*:iteur ou on autre medicament contre rasthme. choisi parmi les corticost^roides. le 

cromogtycate disodique et les antihistaminiques. 

11. Formulation selon ta revendication 10. dans laquetle I'agent bronchodilatateur est un agoniste beta- 
adrgnergique, une xanthine, un agent anti-cholirwgique. un antagoniste caicique ou un leucotr&ne ou 

to un de ses o^riv^s. 

12. Formation selon ta revindication 11. dans laqueite te medicament est le satbutamot ou la terbutaiine. 

13. Formulation selon Tune quelconque oes revendications i a 8 et 10 a 12. dans Jacjuelle les microcapsu* 
'5 les, encapsu'ant un agent bronchodilatateur. sont melange* os k un ester d'aode gras de sorbltan qui est 

present en une proportion pouvant atteinare te pokJs des microcapsules. 

14. Procede pour la preparation d'une formulation pnarmaceutrqu© telle que d6finie selon Tune quelconque 
des revendications 1 a 13. ledit procede consistant a melanger Jes microcapsules avec le tensioactif. 

20 

15. Procede selon la revenoication 14, consistant a mettre en contact les microcapsules, encapsuiani le 
medicament, avec un tensioactif de fagon a ce quo le materiau de paroi des microcapsules soil reveiu 
du tensioact.f. 



2$ 16. Procede de preparation d'une formulation pha/maceulique selon I'une quelconque des revendications 1 
a 13. dans Jequel le tensioactif est incorpore dans le mat6rlau de paroi des microcapsules, redit 
proce<J6 consistant a dissoudre *e materiau polymSre destine a former les parois dans un soivant. a 
disposer le tensioactif et Je medicament Cans la solution de pofymere. a evaporer le soivant et a 
obtenir les microcapsules ainsi formers avec un diametre moyen de 0,1 a 10 urn. 

30 

17. Procede selon la revendication 16, pour la preparation d'une formulation phamaceutique selon la 
revendicalion 5. consistant en outre a mettre en suspension les microcapsules, qui ont £t£ mises en 
contact avec te tensioactif. dans une huile non miscibte a 1'eau, pharmaceutiquement acceptable, et a 
emuls'fier la suspension obtenue en milieu aqueux. 

Revendications pour les Etats contractants sulvants : ES, GR 

1- Procede pour (a preparation d'une formulation pnarrnaceutique appropriee pour Tinhalation. comprenant 

j o (i) des microcapsules ayant un diametre moyen de 0,1 a 10 urn. qui sont essentieilement 

constitutes d'un materiau ae paroi poiymerique ojodegradable et biocompatible encapsufant un 
medicament, et 

(ii) un tensioactif bpo-soluble qui est melange aux microcapsules ou qui est incorpore dans le 
matenau de paroi des microcapsules ou qui enrobe lesdites microcapsules : te procede consistant a 
J5 me* larger les microcapsules avec te tensioactif. 

2. Procede seton la revendication i . qui est sous ta forme d # un aerosol pour inhalation. 

3. Procede selon ia revendication 2. dans laouede ta concentration du tensioactif dans te recipient 
>o d'aerosol est de 0.01 a 1 c i en po<os 

4. Procede selon la revendication i. q u . est sous la forme d'une poudre secho pour inhalation et dans 
laquelle 1 a 10 % en poids de tens<oactif sont incorpores dans fa parcx des microcapsules. 

►s 5. Procede pour la preparation d une lormjiauon pnarrnaceutique inge>abte, comprenant : 

(O des microcapsules ayant un diametre moyen de 0,1 a 20 urn. qui sont essontiellement 
constitutes en un materiau de paroi poiymerique biocompatible encapsuiant un medicament, et 
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(i») un tensioactif Hpo-soluble qui est melange aux microcapsules ou qui est incorpore dans J© 
matrfriau de parol des microcapsules ou qui enrot>e Jesdites microcapsules ; le precede* consistant & 
meianger les microcapsules avec le tensioactif. 

6, Procedd selon Tone quelconque des revondications de 1 k 5. ledit proc^a* consistant * mettre en 
contact les microcapsules, dans tesquelles est encapsuie le medicament, avec un tensioactif de facon 
que le tensioactif forme un revetement sor le matgnau de paroi des microcapsules. 



10 



Ptoc666 seion Tune quelconque des re venditions I k 6, dans lequel le tensioactif est incorpcre dsns 
le materiau de paroi des microcapsules, ledit precede consistant k dissoudre la materiau polymer© 
destine & former les parois dans un sonant, k disperser le tensioactif ot le medicament dans la solution 
de poJymere, * evaporer fe solvant et k obtenir ies microcapsules ainsi formies. 

8. Proceed sefon l*une quelconque des revendications S k 7, dans lequel la formulation est sous la forme 
rs d'une composition appropnee i Tad ministration par voie orale, ledit precede consistant k mettre en 
suspension les microcapsules, qui ont ete mises en contact avec le tensioactif, dans une huile non 
miscible k I'eau. pnarmaceutiquement acceptable, et k emulsifier ta suspension obtenue en un miireu 
aqueux. 

so 9. Procide selon rxne quelconque des revendications 1 k 8. dans lequel le tens.oacbf est un esier 
d'acide gras ae sorbite. 

10. Precede selon la revendicaiton 7. dans loouel le tens^acuf est du trioleate de sorbitan. 

*s 11. Precede selon Tune quelconque des revendications 1 k 10. dans lequel le medicament est un 
antibiotique, un medicament cardiovascuiaire, un medicament contre fa toux ou une preparation contre 
*e rhume. un medicament peptidique. un agent anti-viral, un agent anti-convuts.vant ou un agent 
chimiotberaptque de trartement du cancer. 

30 12. Precede selon Tune quelconque des revendications 1 2M0, dans lequel le medicament est un agent 
bronchod.larateur ou un autre medicament contre I'asthme. cnoisi parmi les coaicosteroides jg 
cromogiycate disodiaje et ies sntihistamimques. 

13. Precede selon la revocation 12. dans lequel t'agent bronchodilatateur est un agon.ste beta- 
x> aon5nerg,que, une xanthine, un agent anticholinergique. un antagorvste clac.que ou un leucotnene ou 

un de ses derives. 

14. Precede seion ta revendicadon 13, dans lequel le medicament est le saibutamol ou la terbutaiine. 

-o 15. Procede selon Tune Quelconque des revendications 1 a 10 et 12 a 14. constant a meianqer les 
microcapsules, encapsutont un agent bronchodifataieur. k un ester d'acide gras de sorbitan qu, est 
present en une proportion pouvant artemdre *e po.ds des microcapsules. 

J5 
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